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I. FORWARD

In 1965 the Wayne State University Center for Application of
Sciences and Technology (CAST) began to consider the possibilities
of applying advanced science and technology to social problems in an
urban environment. Particular attention was paid to the development
of programs between the university and local government. In 1966 two
programs were begun: a program for applying aerospace technology to
urban management, supported by the National Aeronautics and Space
Administration (NASA); and a program for developing a goal-oriented
budget structure for the Detroit Police Department, supported by the
City of Detroit. During this same time, NASA officials from the Office
of Technology Utilization were meeting with representatives of the
President's Commission on Law Enforcement and Administration of
Justice and the U.S. Department of Justice's Office of Law Enforcement
Assistance (OLEA) to discuss possible areas of codperation. These
meetings were a part of the NASA effort to develop interagency pro-
grams which would increase the utilization of aerospace-related science
and technology. Several meetings were held with Dr. Richard Lesher,
Mr. George Howick, and Mr. James E. Mahoney of the NASA Office of
Technology Utilization and Dr. Robert Em;ich and Mr. Armold Sagalyn
of the Commission and the OLEA, These meetings were based on first,
NASA's interest in developing interagency programs to increase the
utilization of aerospace science and technology; second, the mandate
of the Crime Commission to examine all aspects of crime in order to
develop a national strategy against crime; third, the authorization of

the OLEA to advance the capabilities of law enforcement bodies and assist
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in the prevention and control of crime; and fourth, the possibility
of applying science and technology to law enforcement and crime pre-
vention,

It was-‘agreed that the NASA would support an experimental pro-
gram at one of its Regional Dissemination Centers to begin the appli-~
cation of aerospace-related science and technology to law enforcement
projects supported by the OLEA, Later, Mr. Bruce W. Pince and Mr.
Don H. Overly from CAST were invited to meet with Mr. Sagalyn and
Dr. Emrich to determine if a program could be developed which would
reflect CAST's interests and capabilities in resolving urban problems
through science and technology and the requirements of NASA and the
OLEA.

The OLEA expressed an interest in introducing CAST and CAST
services to OLEA-sponsored research projects. CAST, then, agreed to
work with project groups recommended by the OLEA. ” A proposal was pre-
pared by CAST and submitted to the NASA, and a contract was awarded

in December, 1966. Work began in January, 1967.

II. INTRODUCTION

This report describes work performed by Wayne Séate University
under contract NSR 23-006-037 ".;.for effort to enhance the transfer
of NASA-generated technology to other agencies of the éovernment?
through 21 March, 1967. This program was an extension of the capa-
bilities develoﬁed by CAST as a NASA-supported Regional Dissemination

Center. The scientific and technical data provided by the NASA, the

CAST information system, and CAST's scientific and technical expertise
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made possible the development and implementation of this experimental

program.

IIT. PROGRAM OBJECTIVE

The objective of this experimental program was to begin the appli-
cation of aerospace-related science and technology to current law
enforcement programs. A éecondary objective was to develop an efficient
interagency program between the NASA and the OLEA. The criteria for
measuring objective achievement would be first, the utilization of
aerospace~-related science and technology in law enforcement programs
and second, the establishmenbt of new lines of communication between
the NASA' (and NASA-supported programs) and the OLEA (and OLEA-supported

programs).

IV. PROGRAM RESULTS

The program was structured into five phases.” This section
describes the five program phases and their results.

A. Phase I - Identification of QOLEA-sponsored law enforcement
———————

projects. o .

Phase I required the OLEA to identify certain projects which
were science/technology-based and which could effectively utilize
aerospace-related science and technology. As a part of CAST's
proposal preparation phase, the CAST program was explained in
detail to OLEA staff. The following CAST services were described,
and it was explained that these services would be made available
to OLEA project personnel under this experimental program:

1. retrospective search services including:
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(d)

(e)

(£)
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pre-search analysis of agency requirements by Appli-
cation Engineers, technical personnel, and professional
information retrieval persomnmnel; and

computerized and manual information retrieval from

the NASA files provided; and

post-search analysis of the search results by Appli-
cation Engineers and other technical persommnel; and
delivery of evaluated abstracts; and

provision of hard copy from both International Aero-

space Abstracts and Scientific and Technical Aerospace

Reports; and

advisory service concerning use of information with
technical advice from other specialists or University
consultants as required in order to increase the

'

potential utilization of the information.

2, current awareness program services including:

abstracts of determined interest to the designated
agency or agencies. These abstracts will be retrieved
frdm the NASA-provided information-file, collated, and
disseminated to the designated agency or agencies on

a monthly basis.

Mr. Courtney A, Evans, Acting Director of the OLEA, and his

staff contacted in the Fall of 1966 nine OLEA-sponsored projects

which were already underway to encourage their utilization of

CAST services. The nine projects selected were:

St. Louis Metropolitan Police Department--development of a
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resource allocation model for motorized patrol and experi-
mental evaluation of the effectiveness of resource allocation
decisions made using the model,

New York State Identification and Intelligence System--
exploration of the utility of developing some means of auto-
mated or semi-automated surveillance for stolen cars and the
development of prototypes of associated equipments.

Philadelphia Police Department--development of a computer-
based model for crime prediction and the testing of patrol
strategies,

Pheonix Polige-Department-—exploration of the information
requirements of police field personnel,

| California Department of Justice--development of a feasi-
bility and design study for a state-wide, criminal justice,
computer-~based information system, 7

Federal Bureau of Investigation--creation of a pilot
system to test the feasibility of a nation-wide, computer-
based police information system for storing and retrieving
information on stolen property, stolen motor vehicles, and
wanted persoms.

District of Columbia Metropolitan Police Department--
development of a research and planning bureau; design of a
computer-based information system; and design of a new
communication system.

The Polytechnic Institute of Brooklyn--development of a

macro-model of law enforcement and crime in New York City
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for use in management decision making.

Ohio State Highway Patrol--performance of a feasibility

and design study for a state-wide police information system.

Appendix 1 contains a copy of the letter sent by the OLEA and a
list of the addressees.,

At the recommendation of the OLEA, CAST contacted all of these
projects except the Federal Bureau of Investigation. Appendix 2
contains a copy of the letter sent by CAST. 1In order to prepare
for project implementation, CAST contacted by telephone project
personnel at each of the projects to explain again the interagency
agreement, CAST's capabilities, and CAST's interest in working
with OLEA projects. Although general interest was expressed in
all grdups, only four of eight project groups contacted expressed
an interest in participating in the interagency program. These
four groups were: the St, Louis Metropolitan’ Police Department;
the Philadelphia Police Department; the California Department of
Justice; and the New York State Identification and Intelligence
System, Both the NASA and the OLEA were advised of the response
of these four groups.

Phase I, then, identified four OLEA-supported projects which
indicated an interest in working with CAST and in utilizing aero-
space-related science and technology. It is planned that other
OLEA-sponsored projects would be contacted at the recommendation

of the OLEA.

B. Phase II - Acquaint OLEA-supported projects with CAST services.
L

Phase II was to acquaint QLEA project personnel with services
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available through CAST., Letters and telephone calls to all pro-
jects except the FBI were used to define available service.
Visits were made to the New York State Identification and Intelli-
gence System, the Philédelphia Police Department, and the Cali-
fornia Department of Justice, Several attempts were made to visit
the St. Louis Police Department, but an appointment could not be
arranged with project personnel. Information describing all
CAST services was presented and, where possible, discussed.
As a result of analysis and interviews with OLEA staff and
OLEA project personnel and CAST's experience with the Detroit
Police Department, several examples of potential applications of
aerospace science and technology to law enforcement were prepared.
These examples were submitted to all of the projects except the
FBI with information again describing the experimental interagency
program (see Appendix 3). These examples weré:
(1) A CAST computer search on miniature transmitting/receiving
communication systems and equipment,
(2) A multi;channel, video security warning system, (From
Tech Brief 66-10548, 'Motion Detection System, 15-Channel.')
(3) A safety helmet with built-;n radio transmission/receiving
system, (From Tech Brief 64-10015, "Comfortable, Light
weight Safety Helmet Holds Radio Transmitter, Receiver.')
(4) A light weight, small, portable TV camera., (From the 1965
Marshall Center Technology Utilization Conference entitled,

Technology Status and Trends Symposium. The two papers

cited are: 'Lenticular Stereoscopic Television" by Chief,
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Human Factors Laboratory, SPACO, Inc.; and '"Use of Space
Vehicle Television Developments for Commercial and
Industrial Use," by C, T. Huggins, Marshall Space Flight
Center.)

Phase IL acquainted sélécted OLEA-sponsored projects with the
interagency agreement and the services available through CAST,
and identified possible applications of NASA technology to the
field of law enforcement.

C. Phase iII - Scientific and Technical Analysis of Problem and

Program Areas,

Phase III required analysis by CAST personnel of specific
program and problem areas. Attempts were made by phone and letter
to organize meetings with technical personnel at each of the pro-
jects, It became evident at this point that most of the technical
expertise in three of the four projects represented the use of
outside contractors., In these three cases, the majority of the
work to be performed by the law enforcement agency under the OLEA
grant had been subcontracted to outside groups. This meant first,
that the proposal for the sub-contract had been developed and
approved prior to the grant'commitment and second, that the work
to be performed under the sub-contract was carefully scheduled
and in many casés underway. Use of CAST, then, would have re-
quired a re-evaluation of the role of the subcontractor inasmuch
as formal agreements had been established between the OLEA, OLEA
project groups, and subcontractors.

Since each of the four project groups which had initially
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agreed to work with CAST reflected a unique situation, a detailed
explanation is presented below of the "technical analyses" per-
formed.

(1) Philadelphia Police Department - The principal contacts

were Mr. Phillip Carroll, Director of Central Services,
and Captain James Herron., The Philadelphia OLEA project
was divided into two parts: the first, the development
of a computer-based model for the prediction of crime in
a small, geographical area and the second, a general
management study of the department. Most of the technical
research work was being performed by the Operations
Research Division of the Franklin Institute Research
Laboratories. The proposal for this research was pre-
pared by the Franklin Institute in May, 1966. Attempts
were made to meet with researchers from the Franklin
Institute, but they were unavailable.

Since the Franklin Institute researchers were un-
available, copies of the CAST Personal Interest Profiles
were left for completion by both Philadelphia and Franklin
Personnel, Since their pmject was well underway and was
going to be reported at the First Symposium on Law Enforce-
ment Science-and Technology.in March, 1967, it was felt
that little could be done on this project although
there was interest in utilizing advanced science and
technology.

It was suggested that the Interest Profiles be re-
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turned to CAST, and CAST would develop Current Awareness
Profiles for individuals in both the Philadelphia Police
Department and the Franklin Institute. Further, it was
stated that sﬁecific problem areas should be communicated
to CAST. To date, there has been no further contact.

St, Louis Police Department - The contact was Mr, Joseph

W. Larimore, Jr., Project Director, Resource Allocation
Project., The St. Louis Project was to demonstrate and
evaluate a new patrol technique based upon the prediction
of radio service calls by a mathematical model and the
flexible use of manpower between police units assigned
to answer radio calls only and units assigned to pre-
ventive patrol funttion. The predictive model, called
the Resource Allocation Model, was already designed and
in use. The project was emphasizing the coding of lo-
cations, the definition of geographical segments, adapting
information to the model, and devising a method of dis-
playing the information., The project was planned and
being executed by System Science Corporation and a
Harvard University faculty‘member along with St. Louis
personnel, Operational testing was to begin in January,
1967.

Several attempts were made to set up a meeting.
Finally, copies of the Personal Interest Profiles and
the four examples of aerospace technology were sent

encouraging the St, Louis group, again, to call. No
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contacts have been made,

(3) New York State Information and Intelligence System (NYSIS) -

The contact at NYSIIS was Mr, J. J. Paley and Mr. Charles
Kingston., NYSIIS, a research-oriented service arm of all
law enforcement agencies in New York, was working on

two OLEA projects: fingerprint detection/information

systems and license plate detection systems. Technical

analysis divided these two projects into the following
technical areas:

Finger-print research and automated systems and semi-

automated systems of handling documents.

1. Document handling and transporting. Techniques
of handling various finger-print documents. Size
of documents, thickness, etc.

2, Pattern recognition - features of fingerprinting,
curvature, segments, scanning devices, electronic
logic.

3. Filing, structuring and search of file. Infor-
mation retrieval., Structuring of file with missing
elements,

4., Retrieval of fingerprints, Micrefilming of docu-
ments, etc.

License plate detection, scanning, etc.

1, Micro waves, radar type interrogation, detection

of license plates, transponders,

2, System analysis and reporting techniques on a
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state-wide basis (stolen cars). Ways of expediting
problem, housekeeping, etc.

Communications - video transmission, recordings,
band width compression techniques,

Psychological research on identification methods.

What characteristics do people remember?

Other technical areas of interest to NYSIIS are:

1.

New techniques for analysis of physical properties
(for example detection and tracing of hair,
marijuana, etc.).

Computer communimtions, information retrieval,
instrumental results, time-shared computer system
on state-wide basis,

Better finger prints, internal reflectance,
photographic techniques, impressions, plastics,
new types of paper surfaces, inks, etc. for
fingerprinting.

Techniques for analyzing soil samples, trans-
mitting data, etc.

Switching techniques with maltiple inputs, analogs,
digital, mixed mode, etc. B

Queing theory, binary encoding, analog, etc.

Rapid transmission of facsimile fingerprint

cards, (126 inputs eventually on state-wide
network.)

Visual interrogation, display units, cathode
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ray tubes, accessing files,

It was agreed that CAST would develop computer
searches and Personal Awareness Programs for the above
technical areas, and that NYSIIS personnel could contact
CAST if other areas were defined. Computer searches are
now being structured and run.

(4) State of California Department of Justice - The initial

contacts were Mr. Charles A. O'Brien, Chief Deputy Attorney
General, and Mr. Arlo Smith, his chief assistant. Mr.
O'Brien and Mr, Smith suggested that CAST personnel meet
with Mr, Eéward V. Comber, Project Director, Criminal
Justice Information Systems Design Study. The Criminal
Justice Information Systems Design Study was a feasibility
and design study for a statewide criminal justice, computer-
based information system, This sysﬁem represented a

major commitment of the State of California since in 1965
the State had completed a study which established the
feasibility of applying advanced systems technology to
solving the justice information program.

Most of the techmical Vork for this information system
was to be done under a sub-contract. The Request-for-
Proposal (RFP) was prepared in the Fall of 1966, and a
bidders' conference was held in December, 1966. Since
the technical design specifications of the information

system were to be a part of a competitive proposal in
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response to the RFP issued by the State of California,
it was not possible to examine scientific and technical
information needs, It was agreed that the group which
wins the competition would be put in contact with CAST,
and that CAST would explain available services to these
technical personnel.
It was strongly recommended that Current Awareness
Profile forms be circulated among those in the State
government who would be involved in the project, and
that these forms be returned to CAST for the development
of Personalized Current Awareness Programs. To date, the
Profile forms have not been returned,
It was learned in March, 1967, that a California
firm won the competition, but that the work plan had
not been fully approved, o
Phase III began scientific and technical analysis of OLEA-
sponsored law enforcement projects. This technical analysis was
to have been sufficient for the development of retroactive computer
searches and Current Awareness Programs. Only one project, NYSIIS,
seems to be amenable to analysis of information needs, primarily
because of its long-range research orientation im the field of
law enforcement. The other three groups, while concerned with
the long-range problems of law enforcement, were working on specific
projects with previously developed, specific plans-of-work. One
general area which seemed to be of pervasive interest was the

application of management science and technology with emphasis
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on information systems.

D, Phase IV - Dissemination of Aerospace Science and Technology

to OLEA-sponsored Projects,

Through March, 1967, the only information disseminated was
the examples previously prepared by CAST. It is expected that
Current Awareness Profiles will be established, if necessary by
inference, for the four projects and any which later agree to
participate. If the Personal Interest Profiles are not completed
by project personnel, the Profiles will be completed by CAST
according to previous conversations and technical analysis.
Modifications will be in the Profiles according to comments and
reactions by project personnel. Also, rétrospective computer
searches in the areas of information systems will be run,
Specialized computer searches will be rum according to specific

OLEA project requirements as they are understood,

E., Phase V - Evaluation

The primary objecti&e of disseminating effectively aerospace-
related science and technology has not been achieved; neither
has the secondary objective of developing an efficient interagency
program. During the time this program was being developed and
at the time the program was begun, the CAST project staff knew
little about the project groups and the approaches being taken,
Of critical importance was an understanding of subcontractor re-
lationships., Time and resources did not permit the development
of close working relationships with any of the subcontractors or

outside technical expertise employed on OLEA~supported projects.
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Also, it was not possible to work with the Commission's Science
and Technology Task Force at the Institute for Defense Analysis
which had begun to define some of the potential applications of
advanced science and technology to law enforcementg., Further,

the feedback mechanisms which are a part of the CAST dissemination
program (evaluation of data provided, document requests, requests
for new and ancillary data, and the desire to develop new pro-
grams) were never applicable due to the inability to work with
project personnel and the length of time required to make tech-

nical contacts,

V. CONCLUSIONS

Several major problems have limited the achievement of program
objectives; these are: delayed startup; few opportunities to analyze
technical expertise in OLEA projects; and the existence of pre-arranged
relationships between the QLEA, OLEA projects and subcontractors,
Plans are being made to resolve the first problem through the request
to the NASA for a time extension in the contract. The latter two
problems will be resolved by working with thé.dLEA.

It is expected that, during the next six monthé; CAST will begin
the effective dissemination of science and technology to OLEA-sponsored

projects.
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UNITED STATES DEPARTMENT OF JUSTICE

OFFICE OF LAW ENFORCEMENT ASSISTANCE
WASHINGTON, D.C. 20530

September 9, 1966

Dear :

The purpose of this letter is to acquaint you with the nature and
objectives of an information management system newly available to cer-
tailn grantees and contractors of the Office of Law Enforcement Assistance
which may prove helpful to you in the performance of your OLEA project.

As you know, the National Aeronautics and Space Administration spends
billions of dollars annually performing the research, development test
and engineering required by law. To make the information resulting from
this R & D effort available to the nation at large, NASA's Technology
Utilization Division was established and, using a variety of mechanisms,
has enjoyed substantial success in effectively transferring aerospace-
related science and technology to industrial, medical and educatiomnal
users.

Recently, OLEA has negotiated an interagency agreement with NASA's

Technology Utilization Division under which an experimental effort will

_ be made to transfer aerospace-related scientific and technical data to
selected OLEA projects without cost. Wayne State University's Center
for Application of Sciences and Technology (CAST), one of the NASA's
Regional Dissemination Centers, has been selected to provide scientific
and technological information services to OLEA projects. A brochure
is enclosed describing in general the services provided by CAST to
Industry; naturally, speclal adjustment of the transfer mechanisms will
have to be made in order to provide information services to OLEA users,
but we are confident that an effective transfer mechanism can be developed.
Hopefully, this will permit OLEA grantees and contractors to make use of
the hundreds of thousands of documents in 34 areas of advanced science
and technology stored in CAST's computer.
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You will be contacted soon by a CAST representative to initiate the
sequence of events which may result, 1f you agree, in your selection as
a participant in this important experimental effort. Initially, the
effort will be limited to not more than ten OLEA projects from among
those focusing on scientific and technological applications to law
enforcement and criminal justice problems. We think the service has
much potential and will be most grateful for your cooperation.

Sincerely,

COURTNEY A. EVANS s N
Acting Director '

Enclosura: CAST Brochure

ec: Mr, Bruce W. Pinc, Director of CAST, Wayne State University J ‘i
vt Honorable James E. Webb, Adminigtrator, National Aeronautics Yo
and Space Administration
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Septenber 16, 19066

Mr. Philip Carroll
' Pailadelphia Police Departument
Philadelphia, Pennsylvania

Dear Mr. Carroll:

Recently Dr. Courtney A, Evans, Acting Dircctor of the Office of Law
Enforcement Assistance, wrote you explaining that Wayne State Univer-
sity's Center for Application of Scicnces and Techinology (CAST), as
part of the National Aewvonzutics and Space /duinistration's Technology
Utilizaticn Program has been asked to provide scientific and techno-
logical information scrvices to OLIA projacts,

CAST 1s presently working with the Detroit Police Department in an

experimental program to transfer the vesults of acrospace/defense-

velated secience and technolory to police operations-in Detroit, and
we are anxious to begin working with other programs in the areas of
lawv enforcement, crime prevention and.public saiety.

I would like to meet with you cvon to discuss in some detailtthe CAST
program and how it might assist your project. I will be calling you

in the next week or so. If you have any immediate couments or ques-

tions, do mot hesitate to call. :

Sincerely yours,

Don H, Overly
Assistant Dircetor |

. DllOsew

cct DBruce W, Plnce
Courtncy Evans
Robert Emrich
James E, Mahoney
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nehagten 0C . - PRODUCTION ENGINTLER

. . ING MEASURE FOR .
EVECTROMETHIC AMPLIFIERS USING SUBMINIATURE TURE. TRANSISTOR TYPE POTENTIOMETERSSU(BI'WOI:IAI
Lt:e&s IELEKTROMETRICHESKIYE USILITELI NA SUB. Progress Report, 1 Jul.-30 Sep. 1964 veneny
y cMTvURNyKH LAMPAKH)] - C L Holmesand D C.Kinsey [1964) 17p
Pm.shm and L B Ustinova Nov 1964 13p refs Transi. (Contract DA-36 039-5C-85376)
;\'lo ENGUISH trom Pnbory 1 Tekhn Ekspenm [USSR). no 3. {QPR-13. AD 608934) OTS $1 00
ay-Jun 1964 p 102-107 Pre
-production testing of 1800 samples of tw !
(NASFA~TT~F 9194) OTS Prices HC $1 00/MF $0 50 the subminiature potentiometers resulted m hnluveos ‘(l))rl\:” :l:
' our versions of elactrometinc smphfiers with subminia- visual and mechanica! inspection, rotational life. and ¢
'uro tubes ara discussed The band psss in three of these ampl- . resistance. 1600 samples of bol;\ styles are b el f:o"ﬂulo
';ns 's incredsed from 40 to 160 cps with an input resistance ! retesting. Twenty-four hundred urits continye elf"amle 1u(;000‘ o,
of 100 G ohms Technical data concerning the smplifiers are hour joad ite reliabrhity study, and heve MM?NC o ,
presented. and some special features cancerming the design of for & totei of 18800 !houund.unh hour o4 TO00 hours
economical ministure amphiiers by the use of semiconductor ' e Author
devices are discussed. Author f
1
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e D
N66-12373% CTS Corp . Elkhart Ind Research and Davelop
mant Div
N66-142304 Radio Corp of Amerncas, Camden. N J Defense

PRODUCTION ENGINEERING MEASURE FOR SUBMINI.
ATURE. TRANSISTOR TYPE POTENTIOMETERS Quarterly
Progress Report, 1 Jan -31 Mar. 1965
C L Holmesand D C Kinsay (1965 22 p
{Contract DA -36.039-SC-85976) ’
(QPR-15 AD.621355)

- Eightenn hundred samplas wace fabaicated and tested to
SCS-112 Technical Requirement which did not satistactoniy

€lectronic Products
MICROELECTRONIC SOLID-STATE DISPLAY ASSEMBLY

interim Dovetopment Report, 8 Jun.-1 Sep. 19656
{1965) 29p
(Contract NObsr - 93320)
(DR 1. AD 623138} CFSTI HC $2 O0/MF $050
The work petformed during this reporting period and
dascribed heren involvad for the most part preparatigh for
the confiquration and fabrication studies that wiil be performed
during the next two quarters Tha essenual leatures of the
piogram plan. mask fabrication. CdSe preparation. and the
testing circuitry are described Tests made to determine
the flatness of TiC etched glass and the vanation of gap separa- .
non 0 the sandwich structure are also reported The purpose
of this program 1s to periorm exploratory development of 3
Microelectronic Solia-State Display Assembly based on the
molaecular property of hystaeresis in the slectrical conductivity
of cadmium selenide {CdSe). This hysteresis property can be
used as 8 switch to control an electroluminsscent (EL) element,
and a major eifort of the program is to demonstrate the feasi-
bility of mass producing the CdSe-EL combination for use in
‘ low -cost displays. Author (TAB)

petform all the requirements Sixteen hundred controis were
tafabricated and retested in an attempt 1o meet 1hose test ra-
Quirements which were not met on the first 1800 group After
completion of the second test group. test specifications of Tecn-
nical Requirement SCS-112 had been mat satisfactonly on sl
tests excepl morsture reststance on the 50 Omega controls of
both styles and rotational hfe testing on the 25000 Omega
bushing mount styie Because these two specification require-
ments are beyond the prasent state of the art Technical Action
Request No 8 was submitted to request a change 1n test re-
quirements. The 2400 controls on the 10000 hour load hfe-
high telisbility study have completed the testing phase with
very salisfactory resuits. A summary of this test data is in-
cluded Author (TAB)
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A66-25858 :
GPAGE SCIENGE AND COMMUNIGATIONS SATELLITES [WELT -
PRASTMEON SO HUNG - NACHRICHTENSATHELLITEN] o

W Nested (l.lvh‘nlmn AU, DBerlin, West Germanyl).
(Te hnrche Mochachule Hannover, Hochachaltag, Hanover, West

Vortrag. |

Germany, Ot s,
:i!lsw:;l_i;-\—w;ﬁﬁ.’u?:{?\r. I"hf\.—‘p. TA9-19%,  In German.

Review of the design and principles of operation of the Relay,
Telatar, Syncam, Faely fird, and project-ATC communications
satellites, The ciectronics involved 1n the launching and aperation
of a communications satellite are dincuseed and vlustrated. The
subnumaturization, mucromoduls, integral thin-f1lm, and integral
temi onductor techniques and theur applications in coammunications »
sateilite design are exmnined, The warning is sounded that & country
which does not place sufficient emphasis on space research and de-
velopment is bound to lag behind the lrading countries and be unable
to compete with these even in fieids that are nat dizecily sseodiated

with space science, vV, P.

NB6 25960» School of Aetaspace Medicine  Brooks AF B
Tex
A MINIATURIZED VHF FM/FM TELEMETRY SYSTEM
Techmcal Report. Jun 1963-Jun 1965
James M Terey and Dalfa O Diuzon Dec 1965 16 p rels
{SAM TR 65 84 AD 477334)

A mimature VHF FM/EM telematry system was developed
that will allow simuitaneous monttonng of vanable parame
ters This telemetry system utilued carnor frequencres ol B8
1o 230 mc The des:an of this telemetty system allows for
transrmission of a wede range of data over an appreciable
distance The tetemetry system can be micromunaturized (o
fit into 8 ane tooth space The basic design can be adapted
to almost any shape. depending on i1s apphcation The trans-
mitter was developed to study 100th contacts and jaw relation
of dental patients The transmilter i1s aiso capable of trans’ :
mitting 8 numbar of other physioiogic paramelters simul- '
taneously with the proper sensor Author {TAB) !

NG66-185474 Apphed Physics Lab . Johns Hopkins Umiv . Su-

ver Spring. Md

MINIATURE ANO SUBMINIATURE TUBE WARM-UP STUD-

IES

S A Buckingham, M_H Stephan. and f L W Moehle Feb.

1956 47p

{Contract NOrd-7386)

(TG-245-6. AD-626417) CFSTI HC $2 0O0/MF $0 50
Increasing attention is being psid to the problem of rapid

warm-up of the eloctronic hardware in guided mussiles At

presant, slectron tube specifications afford no control on the

tube warm-up charactenstics. Described in this paper. are the

rasults of a seres of experiments upon commoniy used minia-
ture and subminiature tubes, snd soms of the variabies influ.
encing warm-up time are separated and analyted. A method
of improving warmup by short duration over-voitage pulsing
of the healers has been explored. Severs! approachas »ro
suggested by which the missile design engineer may cope with ¢
& requirement for tapid warm-up. Author (TAB)
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:iixz;l)lﬂv57# CTS Corp . Elkhart. ind Research and Devsiop-
PRQDUCTION ENGINEERING MEASURE FOR Susg
MINIATURE. TRANSISTOR TYPE POTEN‘"OMETERS'
anarmrly Progress Raport. 1 Oct.~31 Dec. 1965
C' L Hoimes and B C Xinsey 31 Dec 1965 12
{Contract DA-36 039-SC 85976) °
{(GPR-18. AD-631050) CFSYI HC $1.00/MF $0 50

A total of 300 subminiature potentiometers were fabry.
cated for retesting on rotanonal life and moisture resistan ‘
Techmical Action Request No 9 was submitied to obtain -
proval of the mosutre resistance test equipment at CTSa:;
Berng, Berne. Indiana. After approvai of tha test facility wa
obtained. 100 potentiometers of the §Q ohm bushing moun:
style and 100 of the 50 ohm flat mount style were placed on
the moisture resistance test. The 100, 25.000 ohm bushin
mount controls were submitted 10 rotational life tu?

Author {TAB)

ol

g




» v STUDY, OF

"~ NG6-31384°# Littan Systems. inc. Minneapohs Minn  Ap-
Dletd Scieace D :
SUBMINIATURE TOTAL TEMPERATURE
PROBES Finat Report, 26 Jun, 19/6-26 Mar. 1966
R &t tarson and A R Hanson / Jun 1966 44 p
Rept -2980
{Contract NAS8-20204)
INASA CR 76412) CFSTI HC $2 0O/MF $0 50 CSCL 20M
Thes 1s the hnal report of resrarch on submimature total
temperature probes It summanees the development and
fabrication of sevaral types of smal tatal temperature probes,
and presants calibration resuits ol*1ned for these probes n
the wind tunnel probe-cahbration fimihities. The objective of
the biudv was 1o develop submiminture total temperature
probes which could be ulihized 1n varous boundary layer stud-
188 . The attainment of small size and the developmaent of the
special fabrication techniques required for these small probes
were constdered more important then sstisfying an absolute
accuracy requirement. Avthor

refs /s

tlkhart Ind

Crvw wwuwI e
velopment Div .
PRODUCTION ENGINEERING MEASURE FOR SUBMINI-
ATURE. TRANSISTOR TYPE POTENTIOMETERS Quer-
tarly Progress Report, 1 Jan.-31 Mer. 1966
C L Holmessand O C Kinsey (1966] 13p
(Contract DA-36-039-SC-85976E)
{QPR-19. AD-634975) CFSTI HC $) 00/MF $0 50

The 300 controls tested in accordance with sction i
technicat action requast no 8. completed the testing required
during this reporting penod All controls t
lure resistance specification passed all
tactorily. The 100 controls of the 25.000 ohm bushing mount
slyle which were tested on the 25000 cycle rotational hie
tast had a faw controls which axcesded the allowable plus or
minus 3% change 1 resistance with o maximum change of

65
§58% Author (TAB)

vi> Lorp Research and De-

asted on the mois-
feguirements salis-
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This NASA Tech Brief is issued by the Technology Utilization Division to acquaint industry

with the technical content of an innovation derived from the NASA space program.

Comfortable, Lightweight Safety Helmet Holds Radio Transmitter, Receiver

Receiver and Batteries

The problem: To provide communications by port-
able two-way radio under circumstances which require
the wearing of a safety helmet. To date, safety hel-
mets incorporating self-contained transceivers have
been unwieldy and heavy, often with protruding com-
ponents. Two-way radio components were mounted
inside the helmet with only the webbing to prevent
them from contacting the skull. ‘

The solution: A lightweight, form-fitting safety hel-
met incorporating both an inner and outer shell, re-
silient padding instead of webbing, and a two-way
radio located mainly between the two shells. External
protrusions are small, permitting the helmet to be
worn under other headgear and other protective
clothing.

Power Switch

Earphone Audio Tube

Microphone
Earphone
Transducers

Microphone Voice Tube

How it’s done: The communications/safety helmet
is constructed with two nesting hard shells having
electronic components and a power supply mounted
between the shells. The inner shell is form-fitting
and is lined with a resilient padding for wearer com-
fort and safety. The outer helmet shell nests closely

_over the inner, but is formed with protrusions, or

lobes, on either side to allow more space for mount-
ing the radio components and power supply. A helical
antenna is also hidden within the outer shell.

* For safety, the microphone arm is made of a flex-
ible material and will not endanger teeth or mouth.
When the arm is moved to its stowed position, a
power switch automatically turns off the transmitter.
A lightweight miniature earphone is made so’ that

(continued overleaf)

This document was prepared under the sponsorship of the National
Aeronautics and Space Administration, Neither the United States Govern-
ment, nor NASA, nor any person acting on behalf of NASA: A, Makes
any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in

this document, or that the use of any information, apparatus, method,
or process disclosed in this document may not infringe privately-owned
rights; or B. Assumes any liabilities with respect to the use of, or for
damages resulting from the use of, any information, apparatus, method,
or process disclosed in this document.
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it is interchangeable with an ear-cup type of ear-
phone for use when it is necessary to screen out

. noise where ambient sound levels are high. Lifting

out and turning up the cup-type headset turns off
power to the receiver. Microphone arm and earphone
may be mounted on either side or, if required, on
both sides.

Nickel-cadmium batteries are charged via a plug
mounted permanently in the helmet. The plug per-
mits another line, such as an intercommunications
system, to be connected into the unit when communi-
cations other than radio are desired. If desired, the
inner shell can be worn alone as a safety helmet. It
can also be worn with a lightweight headset tor
working in low. noise-level areas or plugged into a
hand-carried RF transceiver.

Notes:

1. A law enforcement officer wearing this communi-
cations helmet could maintain constant communi-
cation with others, or with police headquarters,
even after leaving his car.

Brief 64-10015

; .

2. Firefighters working in situations where two-way

communication is desirable could wear the helmet

under standard protective clothing. If a fireman

were wearing an asbestos suit, the helmet could

provide telemetry to warn of a dangerous tempera-
ture increase.

3. Construction workers, in many situations, would
benefit by frequent or constant communications
afforded by this innovation. Exampies include
workers assembling large and awkward equipment,
pulling electric cable, and directing traffic on big
earthmoving projects.

4. For further information about this innovation in-
quiries may be directed to:
Technology Utilization Officer
Manntd Spacecraft Center
P.O. Box 1537
Houston, Texas 77001
Reference: B64-10015
Patent status: NASA encourages the commercial
use of this innovation. No patent action is contem-
plated.

Source: Manned Spacecraft Center
(MSC-53)

.
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CONSTANT WEAR COMMUNICATIONS HELMET

Source: North American Aviation

Inventor; Norman O. Atlsas

National Aeronautics and Space Administration
Manned Spacecraft Center
Houston, Texas
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CONSTANT WEAR COMMUNICATIONS HELMET

PURPOSE
The purpose of this helmet is to provide head protection (bump hat) plus a

means Of wireless communication. In addition, the helmet is comfortable and
can be safely worn when working in such hazardous areas as test facilities,

PRIOR ART SOLUTION

Previous communication type bump hats were heavy, bulky, and so unbalanced
that they frequently fell off unless a chin strap was used. The electronic
parts were mounted in such a way as to endanger the wearer since the parts
were normally mounted between the outer shell and the inner webbing. Mounted
this way, the electronic parts could come in contact with the skull if the
shell should receive a heavy blow. Finally, protruding parts such as the
mike boom and antenna proved to be unwieldy and dangerous not only to the
wearer but to other workers as well.

DESCRIPTION OF INNOVATION

This headgear is lightweight, well balanced, will not shake off, and there=-
fore does not need a chin strap (see attached photo). The helmet uses resil=-
ient padding instead of webbing and is not as bulky as present helmets of

this type. The electronic circuits are contained in the lobes shown protruding
from the two sides of the helmet. The helmet can be separated into two hard
shells, i.e., an inner and an outer shell. The inner hard shell protects

the wearer by preventing contact between the skull and the enclosed electronic
parts. The parts themselves are mounted in the outer shell which is snap-
fitted to the inner shell., The antenna is a helical type which is completely
hidden within the outer shell and therefore does not have any external pro-
trusions. This sllows the helmet to be worn under other headgear or under
protective clothing such as asbestos fire fighting garb.

The basic shell and padding are shaped to fit the skull to prevent the hel=
met from falling off, yet the helmet is ventilated. A close fitting helmet
such as this allows the wearer to use the headrest in test vehicles. The
microphone boom contains a power switch which turns off the transmitter when
the boom is moved to the stowed position. } As a safety feature, the mike
boom is made of flexible material and will not endanger teeth or mouth.

The light weight microphone~type earphone is interchangeable with an ear

cup type when one wishes to reduce noise in areas of high level ambient
noise. The cup type headset 1lifts out and up to the stowed position to turn
off power to the receiver. The nmike boom and earphone may be mounted on
either the right or left side (or on both sides if stereo or redudancy is
desired).

This helmet may be used for physiological sensing and wireless telemetry,
for example, electroencephalogram probes can be mounted within the padding.



‘. . : Tech Brief 64-10015

D

Physiological sensing and telemetry operation could warn of environmental
hazards such as excessive body or air temperature. The transmitter is AM
and the telemetry is FM/AM. This can be accomplished by mixing a voltage
controlled oscillator signal in with the voice channel, the frequency in-
dicating the value of the parameter being monitored. The transceivers may
be used directly as hat-to-=hat communications devices or they may be used
in conjunction with a "repeater" base station. The storage cells (nickel
cadmium) are charged via an umbilical plug mounted in the helmet. The
umbilical cord, also permits a "hard line" to be run into the helmet when
communications other than radio type are desired. : .

USES

The inner shell can be worn alone as a safety helmet or it can be worn
with a light weight headset for use in low ambient noise areas. It can
then be plugged into a local intercommunication system or into a hand
carried portable rf transceiver. :

When.both shells are worn the transceiver could be used as follows:
1. Law enforcement personnel.

Officer leaving vehicle can maintain constant communication with
other officers or headquarters. This feature can be utilized for
surveillance work or emergency situations (calls for ald, medical
information, etc.)

2. AFiré fighting personnel.

a. Can be worn under standard protective clothing.

b. Provide 2-way communlcation for men fighting blaze. Teleme-
try can be used to warn of temperature increase or condition
of air supply in asbestos suit. :

3. Construction personnel.

Men working in remote areas can maintain constant communlcation
where necessary. :

a. Electricians cable puﬂling, etc.

b. Assembly of awkward and large pieces. .
¢c. Surveyors.

d, Demolition squads.

L, Test personnel.

8. Allgnment and adjustment of equipment in areas not normally
g;ov1ded with intercommunications. '

b. ouble shooting crews.

" co Field operations requiring short notice communication installations.
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5. Space suit - Pressure suit.

a. May be used as constant wear head protection containing all
necessary communications, physiological, and suit parameter
telemetry circuitry.

b. Can remain on head when donning pressurized helmet and serve
as space suit communications source, physiological and suit
pprameter telemetry source, and as the pressurized helmet
liner.

6. Sports

8. As a crash helmet for sports car enthusiasts. Driver could
receive instructions from pit crew. .

b. *Traffic and crowd control at sporting events.

COST

The total weight of the helmet is about 19 ounces, of which six ounces are
in the helmet itself and 13 in the electronics. The cost of the helmet,

as presently-constructed by hand layup methods, is approximately $70.00
per item. However, if made by vacuum forming with less expensive material,
the cost would probably be in the order of $10.00 each, in reasonable
quantities.

The cost of the electronics involved in the helmet depends on the frequency
range, power, and reliability required. It is estimated that these elec-
tronics would cost anywhere from $40.00 to $1,500.00.

The existing unit was constructed with electronic modules purchased from
International Telephone and Telegraph under their trade name of KEL-O-RAD.
This unit operates at approximately 30 megacycles, is an AM unit with a
power consumption of approximately 100 milliwatts, and costs about $500.00.
This unit has all welded construction, which accounts for much of the cost.
It is estimated that a similar unit could be made on printed circuit boards
for a cost of about $40.00, in production quantities. A one-half watt FM
unit is estimated to cost about $400.00. The microphone-receiver assembly
was purchased from Pacific Plantronies, Inc., located in Santa Cruz, Calif-
ornia. Their commercial microphone-receiver assembly (Model MS-30) costs
approximately $60.00. Units meeting Tilitary specifications (MS-50) cost
approximately $112.00.

Five of these helmets are in test for use on board Apollo. None has been
put in service for ground support, principally due to the cost. North
Anmerican Aviation presently has no plans to market these helmets commercially.

PATENT STATUS

.

NASA encourages the immediate commercial use of this invention. It is owned
by NASA and inquiries about obtaining royalty-free rights for its commercial
use may be made to NASA, Washington, D.C. 205k6.
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Flash Sheet No, KSC 66-39

NEW TECHNOLOGY REPORT

TITLE: 15-Channel Motion Detection System

BRIEF DESCRIPTION: This security warning system receives video information from

15 television cameras located in unoccupied areas. When motion is detected by a camera,
the system alarm sounds at security headquarters and an appropriate warning indicator
lights. In addition, 15 television monitors permit visual surveillance of the areas.

DETAIL DESCRIPTION: The requirement exists in the KSC Security Systeni for a video
motion detection system. Currently, no such system is commercially available. One
company has designed a prototype, but it works with only one camera and monitor.

The 15-channel system utilizes a commutator and decommutator, allowing time-
multiplexed video transmissions over one cable pair. Refer to Flash Sheet No KSC 66-36
for detalled description of commutator and decommutator operation.

Video signals from the 15 television cameras are sequentially combined within the
commutator and transmitted along one cable pair to the decommutator. (Refer to attached
block diagrams.) The decommutator reconverts the composite signal to the original video
signals and channels them in proper sequence to 15 television monitors. The composite
signal to the decommutator is also fed from the decommutator receiver to the detection alarm
system. The detection alarm system and the television monitors are housed in an equipment
rack.

The detection alarm system inverts the first 15 frames (one from each camera) of the
composite signal and records them on a video magnetic tape loop. The inverted frames
are then played back and compared with the subsequent 15~frame groups received. If there
"is no motion in the monitored area, these synchronized positive and negative signals will*
cancel each other. However, if there is motion, the corresponding frames of the video signals
will not match, and the system will generate an output to the proper warning mdncator and
the system alarm

The initial record phase requiresionly 1/2 second. One complete scan of 15
frames or channels (1/30 second per frame)ls fed through the isolation amplifier to the in-
verting amplifier and recorded on the video magnetic tape loop. A flip-flop circuit, con-
trolled by a gate signal from a tape control switch, allows only one complete scan of the
15 channels to be inverted and recorded. The second gate signal of the decommutator
resets the flip-flop, which, in turn, disables the recording circuit. -



During the operate phase, the video tape recorder plays back the inverted 15 frames
of video through an adjustable delay line (to insure proper synchronization) to an adder
circuit. The adder circuit receives both a positive-going waveform (the composite video
signal from the isolation amplifier) and a negative~going wavefrom (the recorded video
signal from the tape loop). The signals are algebraically added in the adder circuit and
an output voltage is produced only if there is a difference. A difference will occur if any
motion is detected. Regardless of the adder output polarity, one of two Schmitt-trigger
circuits will be triggered at a preset detecting level. The Schmitt-trigger pulses are gated
and a simultaneous trigger pulse from the Schmitt trigger circuit produces an output from a
one-shot multivibrator circuit. The output of the one-shot multivibrator is amplified,
energizing a monitor indicator light, the equipment-rack indicator light and the system alarm.

Therefore, if any motion is detected by a television camera, one of the Schmitt
trigger circuits will produce an output simultaneously with a gate signal and the appropriate
monitor indicator lamp will light, A reset button, located on the equipment rack, will re-
store any trigger circuit to an operational state when desired.

APPLICATIONS: The system could be used in any business to guard merchandise after -
business hours. Banks, large retail stores, wholesale outlets, and factories are a few
examples. ~
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TECH BRIEF 66-10548
MOTION DETECTION SYSTEM, 15-CHANNEL

GENERAL

This innovation relates to the development of a 15-channel motion detection
system. Using the technology of this system, motion can be detected by 15 remote
telev:snon cameras and displayed at a single monitor station.

Primary components of the system are 15 television cameras, commutator, de-
commutator, 15 television monitors in an integrated station display, detection alarm,
and related interconnections. Operation of the system is based upon addition of positive
and negative video signals. The 15-channel motion detection system compares the first
15 frames of a run with the second and subsequent groups of 15 frames. Each 15-
frame group is comprised of one frame from each of the 15 television cameras. Any
variation in frames will be displayed on the appropriate indicator and will initiate an
alarm signal. The central monitor station guard can then scan the appropriate monitor
screen to determine the origin of the motion.

See Flash Sheet No. KSC 66-39 for diagrams relating to this innovation.

PRIOR ART

A commercial prototype has been designed with one camera and monitor to pro-
vide for motion detection; however, a motion detection system is not commercially
available. Prior art does not exist for a video motion detection system of this design.

DETAILED DESCRIPTION

A television camera is provided for each of 15 locations. Each camera is intet-
connected with a central monitor station.

An illustration is provided of the rack configuration of the central monitor sta-.
tion. (See figure 1.) The electronic elements of each monitor are contained in one
package. These packages are installed behind the panels of the upper and lower sections
of the racks. An indicator panel between the monitor groups serves all the monitors on
the rack. An audible alarm is interconnected with the rack indicators and is enabled




when a rack and monitor indicator are illuminated. A reset pushbutton permits return of
the system to a monitor status. Two blowers are provided in each rack to air-cool the
electronic components.

The central monitor station receives 15 channels of video information from the
15 remote television cameras. Video signals from the cameras are applied in paraliel
“to the decommutator and through an isolation amplifier to the motion detection system.
* One complete scan of 15 channels is coupled through an inverting amplifier and
recorded on a video magnetic tape loop. A flip-flop circuit, which can be enabled by
depressing the tape control button, allows only one complete scan of the 15 channels
to be inverted and recorded. The second gate signal received resets the flip-flop, which
in turn disables this circuit.

A video tape recorder plays back the inverted 15 frames of video through an ad-
justable delay line to an adder circuit. The adder circuit receives both a positive going
waveform and a negative going waveform. These signals are added in the adder circuit,
and an output voltage is produced only when a difference occurs.

Difference is indicated when any motion is detected by a camera. Regardless of
the adder output polarity, one of two Schmitt trigger circuits is triggered at a preset de=
tecting level. The Schmitt trigger pulses are gated by signals from the decommutator,

A gate signal from the decommutator and a simultaneous trigger pulse from the Schmitt
trigger circuit produces an output from a one~shot multivibrator circuit. The output of
the one-shot multivibrator is amplified, energizing a monitor indicator light and a rack in-
dicator light and enabling the audible alarm. A reset button, focated on the monitor
rack, can be depressed to restore any triggered circuit to an operational state,

CONCLUSIONS AND RECOMMENDATIONS

Technology presented by this innovation is more economical than a similar system
using multiple detection circuits. A 15-channel motion detection system is suitable for
any large manufacturing plant, mercantile establishment, mllntary installation, or other
large facility where security measures are required.
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L+ later concepts which do not hay‘é these limitations,
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B  LENTICULAR STEROSCOPIC TELEVISION -,

N - ' ABSTRACT

1 > LI
. i

An old optical technique utilizing cylindrical lenses has been adaptedt.:

dynamic di;iolays, wit;h~ particular reference to television. The ytechniq“,

also apply to motion picture photography and proj ection. ’

- Two cameras and an electronic switch are required to produce the tel

picture. The television display itself is a flat-faced cathode ray tube, b

~ the effect of the lenses in front of the display is to cause each eye to virs
‘only those portions of the picture that were derived from the appropriat’
‘ camera. Thus the viewer sees what he would see if he were looking att:

as being truly three dimensional". The limitation of the original concept

¢

.are préaenied. .’
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) {dentit
Vg A
The application of a technique developed by MSFC for space SR let
" vehicles for expanding the capacity of a transmission system is A ‘°T§ be
discussed as it could apply to commercial and industrial situationg, . s thi
A short history of the development and theory of operation is given for
using slides and film clips for illustration. Br
= |
The system is basically a specialized method of time sharing . ‘h::e;?
the output of a number of cameras 80 as to create an interleaved S :yuipme
information stream which can be sent over conventional television - q
transmission links such as a long line cable or microwave links. So
The composite stream of information is separated at the receiving . the tec
terminal into a number of channels equal to the channels at the ’ equipme
transmitting terminal. K Each channel may be viewed on a monitor as .
though it were being transmitted continuously, Q
Uses of the capacity expansion portion of the system is :
described as it is related to industrial and commercial applications, ° Du:
Examples of these are multipoint surveillance within two or more o develops
Plants and multicamera coverage of sports or news events. Also L and met]
~ briefly discussed are the new developments which compliment both the . certain
transmission and reception ends of the above system. - . . ... . L of the ¢
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- I. SUMMARY

;4 This péper will describe a technique for transmission of a number -
.- §4channels of unrelated video and, if desired, audio information ;
Yyer & common carrier medium and allow them to retain their individual e

. fentityse ) . , sl 2
, \ o

A generalized explanation of the sections and operation of a ‘ ’-'._‘;

-x ‘4-

% this technique will be given.

'tspace E luplete transmission and reception system, of which this is a part, o :
‘s?: u::i .74l be covered. A.detailed description of the subsystems required Yo
ongs. Vo

u is given ‘ .
. Brief discussions are given of the devices developed in support of

i'h ing .o {ats technique which are not a direct part but can be used with the . . : ' = Y
rie::edg LT ; ystems This applies to both the receiving and transmitting terminal‘, - .
.ntilk:' Z Some educational, commercial, and industrial applications of '. : o
;:et; ne - 44 technique combined with various portions of the peripheral .. T »
mito: as \.Eigquipment designed with the system are given. oA
is 1 II. HISTORY. A

51i§::ions. During growth of Redstone, Jupiter, and Pershing vehicle N

kvelopment, there were many times when normal measuring instruments
od methods failed to give the development engineer a reasonably

wrtain answer to a problem he had with the operation of some part’ R . :
£ the vehicle while it was in flight. The measuring instruments : o

TV iy 7 BN

‘ joed gave such indications as temperature, pressure, .acceleration, R
. {bration, shock, and hymidity. A single picture in some of these areas -~ ' .
{xuld have given the answer. . N

RoVTe P

. It was decided in early 1959 to begin design development work
m an {nstrumentation TV system for Saturn research vehicles, for the
Utrionics Division of MSFC. Since that time this organizational ey
tgment has been engaged in evolving TV systems for use between space S
whicles and earth to gain, information useful in the development phase T e DLl
{ the Saturn systems and to provide real time operational data from -
e post development vehicles while engaged in the navigation of spaces’
lcontinuous study was made of the various Instrumentation problems as 1.0 lav
LR %y were presented in the course of the development of the Redstome,: " .. .~ I
i ' wlplter, and Pershing missiles both’as they were related to vehicle ' 'Lt Cad il

Lot 'l'tem development and to space navigation as they were inferred. . .
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'system consisting of wideband transmitter, using FM modulation and

,TV at 30 pictures per second compatible with commercial TV systems

~ standard television aystem auch as the local commetcial broadcast

In the early programs f£light times and operational ranges O
were relatively short. The application of vehicle TV systems then R
meant that a high picture rate was required with good resolution for ‘m
the acquisition of as much information as could reasonably be recovered:
during the short times involved. Commercially available TV sub- 1y
systems were then providing a capability of 30 pictures per second
with the desired resolution. On this and other consjderations the
decision was made to concentrate, at least in the beginning, on a e
small extremely rugged camera capable of withstanding environmental ~#
extremes expected during powered flight and free space coasting of i
the test vehicles. C

RN "\'-

The first complete system assembled included an entire flight ' :
a miniaturized camera chain capable of withstanding the least favorable
launch environment expected, which was at that time the Redstone boogter
The ground system consisted of a laboratory fabricated receiver, a e
broadband amplifier and a specially built kinescope recorder. The J
in-house assembled ground station was operated by laboratory personnel -,

because of their familiarity with the laboratory arrangement of the f
apparatus. ' ‘ L

=

3

This system was the first to transmit real time high resolution

- &

from a ballistic missile operating outside the earth's atmosphere. 3
It operated satisfactorily from lift-off to the optical horizon, a Y
distance of more than 320 kilometers on the famed flight of the o

-

monkey 'Ham'" on the Mercury Redstone vehicle, January 31, 1961.

8

aoag

The multiple camera single transmitter system concept was
evolved in late 1959 and early 1960 and tested. A proposal including :
a system description along with details of the test and evaluation of - .
the test results was subsequently submitted to Dr. Wernher von Braun
in 1960. Extensive tests of the new camera and lighting concepts
for application both on the test ‘stand and in flight, continued
until the fall of 1961, at which time it was considered operational
for the 1.5 million pound thrust enviromment of the Saturn booster.
It was then included as part of the test program as an instrumentation i
device for the Saturn system.

Pictures received ﬂroﬁ this system may be displayed on any ‘i f.ﬁ
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st conform to the Federal Communication Commission's standards

fm the generation of synchronization signals. N

Recent single camera real time pictures made of such things
s the deployment of the Echo I balloon and the deployment of the
%gasus payload as well as flights and separation of the stages of
e Saturn series vehicles demonstrate the results that can be
stained from f£light television systems., The pictures from Echo I,

III. DESCRIPTION OF EXISTING SYSTEM -
The Saturn television system provides real time display and
fhe system antidates all known research rocket television systems

plcture resolution, and display analysis features. The Saturn TV
system is considered applicable to many other research projects

{here environments comparable to that of the Saturn are expected.
ke system is modulator in form and, consequently, highly adapted T

It is divided into two cate-  --! =

toties, which are referred to as transmitting and receiving terminal . ' -

to a wide variety of layout schemes.

tquipment. : ~

Figure 1 shows a simple block diagram of a two camera f£flight . ’

o

Figure 2 shows a simplified block diagram of a ground receiving

Plctures. This allows the picture originating from each individual
tamera to be routed to its own individual monitor. The viewing unit
is egsentially a device employed to: store single frames of high rate

Meture presented will be at a 30 picture per second rate, while the -

this dependent upon the number of cameras in the system. Information.::

[N -~
- N . \

vl T o B T S AT

»

terminal equipment. \ } : g

;ermanent storage of pictures televised from the vehicle during flight. ,:

o
o

fevision stations or any of the major television networks, which A

e Saturn series, and the Pegasus were shown over the major commercial .-
1ielevision networks. :

e

{uith inherent commercial television systems compatibility, high S

system, employing all of the components mentioned in the transmitting

{ terninal from the parametric amplifier, which is normally a portion i . .
of the antenna system through the monitor and recording system at the . ©; e
other end. . W
The ground terminal equipment consists of an appropriate receiver':'.. K
1 connected to a unit called a decoder which separates the combined

DR

el

AT

Information received from the vehicle will be at a rate lower tham - PR R

nformation and play them continuously to a given monitor so that the o

0 recorded from the receiver on a video tape recorder and a special ' =
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~this system. The point of interest for this discussion is the use of
the portion of the system lying within the dotted lines. This portionm ;3

’

had the ability to store this information for a short period of time
could be used to bridge this two frame gap when no information was
being transmitted to the monitor from its own channel. Methods to
achieve this will be discussed later.

Figure é shoﬁs a diagrém of the essential parts of both ends of

actually changes the capacity of the link joining the two ends of

beo o :
%ﬁ kinescope recorder simultaneous with the display on the monitors. -
¥ : A part of the system allows the output from the receiver or the play- .
. back from the video tape to be fed into a det¢oder unit, which separategf
' automatically into two channels the two frames from each camera, ey
The two frames from camera one are fed to output one and the two g
.frames from camera two are fed to output two. R
In the first system models the information coming out of these [i'f
“h two channels needed to be displayed. If this were fed to a simple ;Zﬁ
television monitor it would produce two frames, or pictures, of i;ﬂ
information and then omit two frames of infarmation resulting in a f/;
> 15 cycle per second flicker which occurred every two, frames for a 'ﬁg
duration of two frames. To the eye of the average observer this was ;;]
very objectionable. However, it was decided then that a device which '

or T

.
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the system. The original concept for the system was to get the maximum '

amount of information for a given RF bandwidth. Therefore, the first

system tried was one which alternated transmission from two cameras

-

$
$3

on a two frame basis. That is, the end referred to as the video registert

allowed the output of one camera to pass into the transmitter for two
complete pictures and then, during the interval between the second and °

third picture, the input to the video register unit was transferred

- to the second camera and two complete pictures from this camera were »
allowed to pass into the transmitter. The video register would return &

to the original position and allow two more pictures from the first
_camera to pass into the transmitter. This back and forth cycling of

the pictorial information was received on the ground and video taped.

. At the same time, a kinescope recording was made. These £ilms would
be viewed as individual frames, as any other single frame pictorial

s N LN ¢ A B
Riidam oI IR0 S R

A ;d_:.d—_"ig L ‘1

B s

e
[P

information is used without regard to the fact that the information wasV

interleaved on a two frame basis.

Since now each pict&re was viewed once every 1/15 of a second,
the next step in this process was to eliminate the second frame and -
. transmit only one frame from each camera per switching interval.

This meant that the motion continuity could be increased and pbjects-
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monitors, - S B yving @ motion rate twice that capable of being viewed by the B

" or the plays '
which Separate,
camera.

the two . ..

(irst system could be accepted by the new system.

Originally, each picture was viewed 3% times per second for . - C
4, series of four cameras. Now each camera output would be viewed . .. "~ , - °

jor 7% times: per second. Motion studies made of the moving parts [ -
_ oo = of the Redstone, Jupiter, and the Pershing missiles indicated that .=

t of these i the usual moving parts such as actuators, separation rnates between . ‘..

a simple " § ehicle parts, etc., normally did not exceed a rate which could be»‘."_',_;f.‘,,’_: L
"es, of " ¢ieved at an information renewal time of 7% times per second. Wi o
ting in a ' % merefore, this frame switching system was selected as the first '~ ., =~ T
es for a " ° . §version of the information conservation transmission program and . .,
er this wag 1 ied on the SA-6 developmental flight as a two camera system om ., .= . ’
levice which { 1 tvo frame per camera switching basis. The results of this were .. .
lod of time - ? very good. Switching showed perfect matched registery with no RN
ition wag . - q displaced frames or disassociated fields throughout the entire R
ithods to { recorded £light. IR

; Since that time, other methods of switching have been employed b -
th ends of in the laboratory and have proved feasible. Among these are :

the use of . { (1) switching from camera to camera every field, and (2) switching
lhis portfon .  |§ ffoW camera to camera every line. The switching from camera to
mnds of . 4 camera every line imposes motion limitations which increase in T
. the maximus " ] severity as the number of cameras go up. However, so long as _ L

the first { only two cameras are used most slow motion is not objectional.

cameras The field switching system appears to be from this standpoint perhaps :. \
video register | the most feasible on the basis of two cameras. TR o
2r fo E \ . b !

seco:dt::d On the basis of four cameras, field switching could be used; .
isferred . . § bowever, again there is, the problem of motion continuity between
lera were © . { congecutive fields for a given camera and frame switching is best ‘ ‘ .
uld return @ because of the recording of complete pictures from each camera. S ' o
e firgt . -4 : R . i“
cling of : ‘- T l
30 tgped. RN . IV. DETAILED BREAKDOWN OF SPECIAL SECTIONS OF : e :;

SR B TRANSMITTING AND RECEIVING TERMINAL EQUIPMENT ' B R

18 would - . , : r
ttorial - . ' - . . AU S R
mation'was - 1§ . A+ Adescription of the video register unit. For purposes of .. = ; !
. .. { this discussion it will be assumed that four caweras or video signals .. ° ot
: _ .Y we being used for transmission over this system. The heart of this '+ '”"
econd. -} System 13 a four stage ring counter|(see figure 4) which is designed . .. : Dk
ge and |.-.c ' 3 !0 rotate one position every frame or-every two fields of video . . .. r
1, B .(j-;l‘f 3 ormation. The video register contains, as the basic timing system,".-,:" Tt i
biects i . 4 & crystal controlled oscillator running at twice the horizontal line - . '~ - '* . Y1
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rate, followed by a binary counter which derives the necessary .
timing information to control all of the functiong of the video
register. The signals coming from the timer are used to control
the vertical drive signal, the vertical sync, the'horizontal sync,

~ the horizontal drive, the sync mixer, the blanking mixer, and the

" reset or burst generator.

Operation of the device is now given. Video is accepted
from one to four sources at commercial frame and line rates. The
register unit switches on the single frame or two field basis from
one input to the other in rotation. The output from these switches
is fed to a video amplifier where the reset or burst generator input
is introduced. This shall be discussed later. The video amplifier ,
sends its signal then to the blanking mixer, then to the sync mixer, 8
, to the video buffer, and out of the register unit to the transmitter. )
In order to keep everything in exact synchronization, the cameras B |
are provided with horizontal and vertical drive signals so that ' ‘ J

S

their inputs will be exactly in step with the switcher accepting ‘
the composite video from each camera. In order to provide some ’,‘_;
s reference point for the decoder, a reset signal is supplied by a ’
video frequency oscillator issuing a single frequency burst of a
narrow width. This burst occupies slightly less than one horizontal ‘
. .line at the top of the picture and is not seen on the receiving R
" monitor. This burst is injected into the video amplifier as " -£f~'
mentioned above only during the beginning of the first picture from .
the camera which is arbitrarily chosen as camera No. l. The
ground decoding equipment is able to find this burst and use it as a
reclocking pulse to insure that the decoder is continuously locked Ceed
in step with the video register unit. Figure 7 shows a flight RS
version for shape and size comparison. S

.

PENETARY S S e
RSN e

o R iiiviis B

I TR A

M B. A Description of the Video Decoder. The video decoder o

.+ (figure 5) is a device previously mentioned which separates the coe
individual cameras into separate channels displaying them on SR
separate monitors at the receiving terminal of the system. There o

*are two basic parts making up the video decoder = a four stage ring LR

counter and a sync generator or clock. , The four outputs of the ring ...::.

. counter operate four video switches. These switches are opened in s

" numerical sequence. The incoming information from either. a receiver 'R
... or a coaxial cable is fed simultaneously to the input of each of these ..

.~ four video switches. It is also fed to a unit called a sync stripper .|

. which eliminates the video information from its output leaving only e

. the synchronization information. The output of the sync stripper is _

.- fed into the other main portion of the video decoder, the sync generatore : I,

. - This sync generator provides standard output timing and sends pulses . -~/
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to the four stage ring counter at the vertical frame rate, so that
~ the ring counter will rotate one position for each frame pulse .
delivered to it by the sync generator. Thus the video switches are -
commanded open one at a time. The video switch 1 opens first
sending one frame of video information to a display monitor 1.
This switch then closes and video switch number 2 opens. The
{nformation from camera 2 is now coming in and is passed through
this switch to monitor 2 to be displayed for 1 frame. Then '
svitch 2 18 closed and the same procedure is followed with switch 8
3and 4 in turn allowing one frame corresponding to the numbered
camera at the other end of the transmission medium to pass through o
each switch. The sync stripper: signal keeps the synchronizing o
. generator locked or in phase with the synchronizing generator E

. pulse or slightly less than one line in duration.

an operational unit designed for rack mounting.

employed in the video register unit at the transmitting terminal,

There is one other necessary item to insure proper operation
of this system without which the position of the counter in the
decoder would not stay in phase with the position of the counter in
the transmission equipment. If this condition existed the information
from the cameras could be displayed on the wrong monitors. To
prevent this, as was described previously in the video register ‘
section, a burst generator applies a burst frequency at the begin-
ning of the first line of the first field of camera 1. This burst
is filtered out by the burst generator filter in the video decoder
and appears as a pulse whose width corresponds to the originating
This pulse,
referred to as the reset pulse, is applied to position one of the
ring counter such that if the ring counter is in any other position
than number 1 at the beginning of the f£irst picture originating
from camera 1, it will immediately shift to position 1 such that
the remaining portion of this frame will pass through switcher 1
and on to monitor 1. This is called restoration of frame registery.
This insures that each monitor receives the information from its
corresponding camera and should it get out of step for any reason
during one rotation of the ring counter -it will be reset at the
beginning of the next rotation. The maximum time that any one
wnitor could be supplied the wrong information is one frame or in the
case of four cameras approximately 1/8 of a second. Figure 6 shows

& .
V. OTHER EQUIPMENT PRODUCED AS A RESULT OF THE SYSTEM
As has beenh explained, the information derived from the video

decoder 1s fed out to a monitor for each camera of the originating . .
System at the transmission terminal. These monitors could be high

a2
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persistence monitors such that the retention of the image could be : ok
~ held for 1/8 of a second without any appreciable smear so long as
the viewed image had very low motion rate - examples being plant
surveillance, slowly moving machinery, etc. However, in those .
cages where the information could move at low rate, a high SRS
s persistence screen is undesirable. It would be more convenient
... to supply a conventional monitor displaying 30 pictures per second .-
as is normally done with standard closed circuit TV. It it is BRI
desired to view continuously 7.5 or 15 frame per second information ¢
it is a necessity to have a long storage time tube and feed it standard .
30 frames per second as in conventional close circuit television. :
There are a number of ways this could be accomplished. et

e

[N
-

-a

. A system first tried and proved successful was a system using ¢ ’ %

" storage tube between the decoder and the monitor. This storage tube .

.~ was another special development by this Center. It was a require-

»». ment that the storage tube have the capability of being able to K
write in or store one single frame of information in a period of B
1/30 of a second, be able to retain this frame of information for ‘
a period approaching 1 minute, and then be able to completely erase

.+ the picture stored in the tube in less than one vertical interval
which is a period of approximately 1100 microseconds.

At the time of the need for this device no such tube existed; o
therefore, the tube having the qualifications nearest to this was
‘chosen as the most likely candidate. This tube had an erased time ' -
of about 2500 microseconds and was reworked so as to reduce its :
erase time to 1100 microseconds or less. The storage capability of

* the tube was good for periods of 10 to 20 seconds where erasure was
' .required at 1100 microseconds. Each channel coming out of the decoder
~ would employ one of these storage tubes similar to a monitor picture ;
tube. As each frame of information came out of the decoder it would . S
be fed into a storage tube corresponding to the originating camera.in
the system. The next frame of information would be switched to the
second storage tube corresponding to the originating camera two.
' During the vertical interval following the picture received from camerd '
* .+ number 4, the storage tube associlated with camera number 1 would be ‘
‘completely erased, and the next picture from camera number 1 would bO_'u,:
written into this storage tube. Observing these tubes visually ome . '
‘ could see a small picture approximately 3 by &4 inches which would be *
... > similar to the one displayed on the conventional monitor. The
+ " resolution of the picture (was better than commercial standards, but
* the shades of gray were not quite as good. '

e
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A
e

Ll In order to translate this information to a conventiomal monitor,
;+ ;@ small high resolution camera was placed in front of this tube and v R
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lmage’ could pe
't 80 long ag -
being plant

¢d at 30 frames per second. Its output was fed in turn to
nventional monitor; therefore, as the storage tube retained its

ig v ation the secondary camera continued to deliver to the

| ;n those | o J:fﬂ:;or 30 frames per second. This system was a good beginning.
igh :

onvenient The second generation of this approach was tried eliminating

*S per second -1, optical readout such that the information was read into the tube

It it is 'i;rically and read out of the tube electrically. The storage

d information sface in this particular tube was not visible. This approach,

. feed it Standqu {ough reasonable and accurate with respect to each individual | )
television, £;t1°n of the tube, did not prove out realistically when combined.

{ ever, it is thought the basic concept is sound and the idea has

|
‘ 1.t been abandoned.

iystem using 4

! storage tube { Another method of translation from the decoder to the standard

' 8 requiree- 1,aitor is by the use of a magnetic drum. The magnetic drum has the
_able to {ability of storing one frame of information per track per revolutiom;
Period of ‘ f.eref'ore, one frame of information may be stored upon command and
nation for ;n read out of the drum as long as desired up to about an hour

letely erase 14 gecessary = the signal noise ratio reduction being the limit on

- interval fize. The drums examined to date show that there is a capability of

lundling two or three times the number of channels of video infor-
{ution per drum compared to the description of this initial system.

® existed; . {te drim itself and all its associated drive equipment, in one version,
this was » an be mounted in one standard 19-inch rack, along with a monitor and
‘ased time - ave form monitor for observing the various channels as they are
ice its {::ad into or out of the rotating drum. Another version is much
ability of caller but will not accomodate as many channels of information.
rasure was %t does not have as high a signal-to-noise ratio or as wide a band-
E the decoder - {ildth, but for a'number of practical commercial applications would be
or picture uite desirable. The life of these machines runs in the order of 2,000
'r it would urs before there is any replacement required.
'g camera.in
ed to the At the transmitting end of the system, the state-of-the-art of
3 two, ‘meras is going along very well. The size of cameras and the com-
1 from camera ilexity is being reduced as the resolution capabilities of the cameras
would be ' - - jislowly increasing. There is always the question of how much
1 would be:  {resolution is required or how much is the user willing to pay for a R
ally one - furticular job. In connection with this subject, this Center has ‘ S
would be - }%en engaged in the development of ruggedized cameras for some years '
The " ° {8 evidenced by those now in use onboard the Saturn vehicle. A - fo
*ds, but .  ['mcial type of tube had to be developed to survive in these environ- . .

jents. Continuation of this development has produced a tube which is |
'- thalf inch vidicon.able to survive the Saturn operational conditioms.
Pbe and - .. p :H- N oo B *-

o~
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‘Now in final stages of asnrmbly and testing is a camera ut{ilyy

integrated circuitry of the micromodular concept for the peripheral i
equipment associated with the imaging tube which is made from ceramfe ' -
rather than glass, and is much smaller than any other known tube of |
the conventional vidicon type made today. This tube has the ad~ o
vantages of low mass, high vibration resistance, the ability to
maintain good resolution and withstand considerably higher temperae
tures than any other tubes currently available. Figure 8 shows an
artist's conception of the complete camera package as it might
appear ready to be installed. This includes all associated circuitry
necessary to produce standard composite video picture. Work is .
still being carried on in the area of the critical portion of the o
camera which is the imaging tube. It is felt that the technology :
of microminiaturization and photosensitive devices can ultimately
provide us with a sensor capable of producing television type pictures 1

" but having no electron scanning beam and therefore no electron gun to } U
withstand the shock and vibration imposed by launch and maneuvering
of space vehicles. This would leave only the temperature and humidity b

problems which now exist to be overcome as the growth of the art
. continues. '
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VI. APPLICATIONS OF A COMMERCIAL AND INDUSTRIAL NATURE
Now let us apply this technique to some applications other

than our space program. A few hypothetical cases will demonstrate
the versatile wuse of this system. Suppose a company has a number ..
of plants or buildings situated relatively near to each other.
Perhaps now they employ roving night watchmen or they wmay have
installed TV cameras in a central monitoring point in each building
to monitor the various areas of the plant during operational or
off-duty hours. Using the system described here the cameras located .
in the given plant could be combined using this time sharing technique:‘} 3
because the information usually desired in this case is that of the

. presence of undesired motion rather than observance of a fast motion

+ rate. These cameras could be combined and transmitted over a single .

| transmission cable to another point where they could be viewed by a ™'~
single man. Let us suppose that three buildings are employed. The
output from each building could be sent, using this technique, over
a cable to a central observation point, where one or two men could L
be employed to observe the enfire three plant facility. Now, it {s . =
true that if you increase the number of monitors you would have some .

, . problems with a symptom which'would be comparable to road hypnosis.

g " This may be eliminated by the use of standard redundancy elimination -

o .+ techniques whereby all monitors would have no display as long as there

was no moving object in the picture., The minute an object moved in
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picture :lt would appear on a screen. This in itself would be. :'“‘; ‘»;i.' .

e .
RAPSR ‘,.' LR
'iﬁ sl - L

-

lera ugy) 1"8:' 

peripheral ’ qch more practical approach to psychologically efficient use oo .
:':ox: Ceramgg .,jzbe observers. L E
the ::3 of 1 The current video register unig could be programmed externally ° .- . N
Aty to «r any kind of audio lines available from the observation point to _
¥ temperge Particular plant to cause the sampling circuitry to-stop on a ‘J_,;"’ o
' Shows ap o ‘,gicular camera thereby allowing continuing observance of a P ! L o
might & " dgicular view, if it was felt necessary by the observer. Co S v
ed cir N P s
ork iscuitry . The transmission of this information from the plant to the R :
2 of the "d,wing point could be accomplished by conventional coaxial cable ' -
:hnology j"d line boosters. For a remote plant it could be done by .
iimately . 3gerowave link if the remote observation warranted the expense’ of s '
‘YPe pictures Jilow cost microwave link, since the bandwidths required are - i
‘tron gun to Jdose in commercial use. The use of this technique of observance o ’
ineuvering _ jwer a relatively short period of time would pay for the equipment - ' o
and hlﬂllidity " -}in the saving of roving guards, or night watchmen, or an individual =~ | o
he art * . _jdserver for each installation. C

3 In the area of commercial entertainment this technique could '

, ‘{iain be employed in a somewhat similar manner. In the case of ’
URE .-+ duvering sports events of any type where multiple cameras are set _
4® for point observances, the information is usually relayed to some ,

>ther .. . {entral point by cable or microwave where someone selects the view
mstrate . Jtwobe used.to feed the network. With this technique the person :
| number -, iselecting the view to be fed to the network would not necessarily ‘
ler, :have to be located at the sight of the event. The information could '
ave ‘ ibe transmitted over a microwave link to some remote point where other
building - = {ficilities required for the integrated operation of such a program
1 or {wre also available.
8 located i :
3 technique i For a particular camera to be transmitted it would simply be .
: of the iﬂecessary for the selector to send a command by means of any hardwire
it motion ' ?llne such as telephone to the central transmission site where the Pt
a single : ;Nrticular camera selected would be held continuously on the feeder SRR
red by a : line to the network. The feeder line could be at the point of the ' R
d. The . i Worts event. The operator or selector referred to above could continue * . .. .. [.:
e, over 4 %bservance of all the other cameras by the above means, and at any R :-'j B
‘could 1 time change from one camera to another. The motion continuity problem ' .~ . = :
s 1t 18 1 vould not be serious since the general content of the picture could be o
ave some . . | %served for each camera and only bne transmission line or RF 1ink " . .
pnosis, . .- . jYuld be needed to accomplish this, o
aination R C Coo e
} as there - ! One application of this system which has already been considered ... . i
ved 4n  © ' -{ lo our own area 1s a link between our launch facility and Houston. - e
‘, [ T Control Center. This system would allow a motion continuity of ~ '@ - o
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30 frames per second, but would have lower resolution, if it did
not use storage techniques as described earlier in this paper.
This will allow Houston to observe many areas essentially simule’
taneously where motion is either nonexistant or relatively low.

Another use entirely removed from this is for educational
television. A system is now in existence which could be used over
any TV station or community TV system without interfering with
regular programming. This system would allow the teacher to
present lecture material -on a given subject and then actually
provide self test facilities in the home for the home student.

At intervals during the presentation, questions would be shown on
the screen which has been divided into &4 parts, each offering a

different possible answer to the question. The student at home could
indicate his selection of an answer by activating one of four buttons

-

on a small unit connected to a special FM receiver. This receiver could

be associated with the FM section of the TV set. Activation of
this button would cause the TV set to become a decoder and select
only one of the four possible solutions and display it on the screea

.-~ of the TV set., At the same time the audio recording corresponding

. v,

to this is selected by the decoder so that if the student is correct
he gets acknowledgement plus additional reasoning for his answer

and additional information. If he has picked the wrong answer the
picture and the voice associated tell him where his reasoning went
astray. This system would derive its information from a four

track tape which would be multiplexed similar to the system already
discussed along with a multiplexed audio, and fed into a conventional

* TV transmitter as video and audio. This multiplex signal could not ;
be intercepted by a standard AM or FM receiver. This could be a great. *®
boon to the educational network throughout our country. The sampling :

rate of the information would be at 7% times per picture per second
repeated continuously. Information could be renewed at 7% times
per second. The multiplexed audio would be sampled at an ultra-
sonic frequency such that no loss in intelligibility would be lost
or be detectable by the ear.
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FIGURE 7, VIDEO REGISTER
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